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AHani3 Ta y3araJbHEHHA CYYacHOi HayKOBO-METOJAWYHOI JiTepaTypH
CBIYaTh MPO HEJOCTATHE YSABJIEHHS CTOCOBHO CKJIQJHOIO IPOLECY MPOCYBaHHS
KHCHIO B OpraHi3mMi 1 NIOCTa4aHHS MOro 0 MpalIOlOYuX M'S31B, CTYIEHA
BIJIMOBIJTHOCTI 1IOTO MOCTaYaHHS KUCHEBOMY 3amuTy. Haxanb, Taki BiJOMOCTi B
OCHOBHOMY CTOCYIOTBCS IOPOCIHX JIFOACH.

[lepenOayaeThcs, MO0 BUHHMKAIOYA MPU (PI3MYHUX HABAHTAKEHHAX KHCHEBA
HEJIOCTATHICTh Yy MIJUIITKIB, Y 3B'S3Ky 3 IMyOepTaTHOIO IMepedy/1I0BOI0 HEPBOBO-
rYMOpPaJIbHUX MEXaH13MiB, MOKE€ MaTH CBOi OCOOJIMBOCTI.

ToMmy BBa)kaeMo, 110 PO3YMIHHSI MEXaHI3MIB ii PO3BUTKY 1 KOMIIEHCalli y
MIJUTITKIB MOKE PO3MIMPUTH 3HAHHS HE TUIBKU JJIA TEOpli TIMOKCUYHUX CTaHIB 1
(b1310J10T1i pyXOBO1 ISITBHOCTI, a 1 MOX€ OyTH BUKOPUCTAHO Y IPAKTHUII TIATOTOBKU
CIIOPTCMEHIB.

Merta nocnimxenns. Jocmiautu ocoonuBocti PMK, dizionoriuyai MmexaHizmMu
PO3BUTKY Ta KOMIIEHCAIII] TITOKCIi HAaBAaHTAKEHHS Y MJIITKIB B 3aJIEKHOCTI BiJT 1X
BIKOBOT'O PO3BUTKY 1 CTaHy ()13MYHOI MMiITOTOBICHOCTI.

Metononoris  mOCHDKEHHS 0a3yeThcsi Ha  KOMIUIEKCHOMY — TIXOJI,
BKJIIOYAIOYM  JOCJIDKCHHS (PYHKII 30BHINIHBOTO JUXaHHS, TE€MOJHUHAMIKH,
noetarmHoro macornepeHocy O, 1 CO,, ¢izionoriyHOMY METO/II BU3HAUYCHHS (Di3UIHOT
npane3aaTHOCTl, 1 aHai3l MOMJIMBOCTEH TKAaHMHHUX MEXaHI3MIB CHOKHBAHHS
KHCHIO TIPU PI3HUX CTYTMEHSX TIMOKCIi HABAaHTaXKEHHS.

HaykoBa HOBHM3Ha oOfepkaHuUX pe3ynbTaTiB. Ha OCHOBI pe3ynbraTiB

JOCITIKEHHS 13 BUKOPUCTAHHSM 1H(POPMATUBHUX KPUTEPIiB OL[IHKH OyJIM OTpUMaH1



HOBI HAayKOBI1 JIaH1 CTOCOBHO XapaKTepy Ta BIIMIHHOCTEH PO3BUTKY 1 KOMIICHCAITI]
TIMOKCii HABAaHTXKECHHS Y HETPEHOBAHUX M1 JTITKIB BiJ] TOPOCIHX, a TAKOXK B1Jl FOHUX
cropTcMeHiB. Tako Oyiu OTpUMaHi HOBI JJaHI CTOCOBHO OCOOJIMBOCTEH PO3BUTKY
rinokcii HaBaHTaXKEHHS Y MTITKIB-1BUAT 3 TOPYIIEHOI KUCHEBOIO EMHICTIO KPOBI
npu (Pi3UYHUX HABAHTAKEHHSX.

VY xoni 1ocipKeHHsT OTpUMaH1 JaH1, Ikl MalOTh HOBU3HY, 30KpeMa:

énepuie B HAIMX JOCIHIDKEHHSX TOKA3aHO, 0 BHKOHAHHS OJIHAKOBHX 3a
MOTYXKHICTIO HaBaHTaXEHb MUJIITKAMH Ta JIOPOCIUMHU BIJIOYBA€ETHCS MIPH
HEOJIHAKOBUX pexkuMax macorepeHocy kucHo (PMK): y miamiTkiB isIbHICTD
kapaio-pecnipatopHoi cuctemu (KPC) menm epekTuBHa, KUCHEBA BApTICTh POOOTH
BHIIA, KOS(ILIEHT KOPUCHOT i1 HUKUIHUI;

énepuie TIOKa3aHO IO Y IMIITKIB, HA BIAMIHY BiJl JOPOCIHUX, MOTY>KHICTb
(YHKLIOHYBaHHSA CHCTEMH IOETAITHOTO MEPEMIIICHHS KHCHIO B OpraHi3Mi Npu
GIBUYHMX ~~ HABaHTAXKEHHSIX  OOMEXYEThCS ~ HEMOXJIMBICTIO  aJICKBaTHOTO
Hampy>XeHHs KapjalopecmipatopHoi cuctemu. lIpu 1pOMy CTymiHb TIMOKCIT
HAaBaHTAKEHHS HE JIOCITAE TAKUX 3HAUCHD 5K Y JTOPOCIIHX;

énepuie TIOKa3aHO, 10 y TPOIECl BIKOBOTO PO3BUTKY Ta B pe3yjbTaTi
CIIOPTUBHOTO TPEHYBAHHS 30UIBIIYETHCS TOTYKHICTh CUCTEMH JTOCTABKH KHCHIO,
MIJBUINYETHCS €(PEKTUBHICTh TE€MOIMHAMIKH 1010 3a0e3MeYeHHST TKAaHUH KUCHEM,
PO3BHBAIOTLCA MEXaHI3MH, 1110 3yMOBIIIOIOTH HOTO MOBHY YTHJII3aIliI0 3 KPOBI;

énepuie TIOKa3aHo, 10 B Pe3yJIbTaTl 3HM)KEHHSI KUCHEBOI EMHOCTI KPOBI MpH
BUKOHAHHI (DI3MYHUX HABAHTAXXE€Hb HABITh HEBUCOKOI 1HTEHCHUBHOCTI 3HAYHO
3pOCTa€ KHUCHEBHUM 3alUT OpraHi3My, 301IbIIYETHCA KHUCHEBA BapTICTh POOOTH,
OUTBIIMM BUSBISETHCA KUCHEBHM OOpr, 10 OLIBIIOTO CTYNEHS PO3BUBAETHCS
TIMOKCis HABAHTA)KEHHSI.

Pesynbratu 1OCHiKEHHS ni0meepoxcyoms 1ICHYIOUl B HAyKOBIH JiTepaTypi
JlaHI CTOCOBHO BIJIMIHHOCTEW B CHCTEMaX KpOBI, KpOBOOOITY 1 JMXaHHS, SKi
BIJIPI3HSIIOTH MIJUTITKIB BiJl JOPOCIHMX 1 MOXYTh 3AilicHIOBaTH BIUIMB Ha PMK B

OpraHi3mi pu M’si30Biil iSITBHOCTI.



KontuarenT gocnipkyBanux: miamTku 13-14 pokiB (16 xjomiiB), sKi HE
3aliMaloThCsI CIIOPTOM, HETPEHOBaH1 gopocii yonoBiku 21-28 pokis (16 ocib), Ta 16
1oHUX BenocunenucTiB 13-14 pokis. J{ns nopiBusiHHs BikoBux 3MiH KPC ta PMK
MPOBEICHO aHaI3 OTPUMAHHUX PE3YJIbTAaTiB B HAIIUX JOCHIKEHHSX 3 JTAHUMH
AaHAJIOTIYHO TPHUBEICHUMU B JIITEPATypl CTOCOBHO JOPOCIUX BEJIOCHUIICIUCTIB.
Takox npoBeneHo 00cTexkeHHs 14-Ti 3M0poBUX AiBYAT Ta 12-TH, SIKI CTPaKIAIOTh
IOBEHUJIbBHUMU TOPYIICHHSIMH CTaHOBJICHHS MEHCTpyasibHOI (pyHKIlT BikoM 14-16
POKIB.

Hamu 0y7no nokaszaHo, 110 BAOCKOHAJIEHHS CUCTEMHU MOCTAYaHHS OPraHI3My
KHCHEM 3 BIKOM Ta y MPOIIECI TPEHYBaHHsI iJie HepiBHOMIpHO. JluxaHHs, KpOBOOOIT
Ta TKAHWHHI MEXaHI3MHM yTWIi3alli KUCHIO pPO3BUBAIOTHCS  HEOJIHAKOBO.
[IpoBenenuii HaMu KOPEJSIIIHHUN aHali3 I03BOJIUB BUSABUTH, 110 Y MiJJIITKOBOMY

Billl, HABITh HE3BAJKAIOUM HA CIIOPTUBHE TPEHYBAHHS, JUXAHHS Y BITHOIICHHI
3a0€e3Me4eHHs] OpraHi3My KHCHEM Ilie He Take e€(eKTHBHE, TOMl K €()EeKTHUBHICTb
kucHeBoTpaHcropTHOi PpyHKIT kpoBl (KTDK) mie 36epiraerbes. EQexTuBHICT
MIJBUIIYETHCS 13 BIKOM, 10 MM CIHOCTEpIraJii y HETPEHOBAHUX YOJOBIKIB.
HaiieexTuBHiII CMiBBITHOMICHHS CIIOCTEPITAIOTHCS Y JOPOCIUX CIOPTCMEHIB, Y
SIKUX 1 30BHIIIHE TUXaHHS, 1 KpoBooOir, 1 KT®K i TkaHMHHI MeXaHI3MH yTHITI3aIii
KHCHIO OJTHAKOBOIO MIPOIO CIIPUSIIOTH 301JIBIIIEHHIO IIBUAKOCTI CIIOKMBAHHS KUCHIO.

3a3HayeHi 3MIHM y cucTeMi auxaHHs, KpoBooOiry, KT®K mpusBoasars 1o
TOTO, 10 XapakTepuctuku PMK 3 BikoM Ta y mporieci TpeHyBaHHS 3HAYHO
3MIHIOIOTBCS 1 BJIOCKOHATIOIOTHCA. SIK MOKazaM MpoOBEACHI HAMM JIOCIIIKSHHS,
PMK HeTpeHOBaHMX MIIITKIB TpPH JWHAMIYHIA M'S30BIM  JTISUIBHOCTI 3
MaKCHMAJIbHOIO Ta CyOMaKCHMAaJIbHOK 1HTEHCHBHICTIO BiApi3HsAOThCs Big PMK
YOJIOBIKIB HFDKYMM 3araJlbHUM pIBHEM KacKaJiB IIBHAKOCTI TOETAITHOTO
MIPOCYBaHHS KUCHIO B OpTaHi3Mi.

[Tpn MakcUMaIbHUX HABAHTAKEHHSX CTYIIHb TJTMOMHHU Ta YACTOTH JUXAHHS
y TJUTITKIB Ta YOJIOBIKIB HEOTHAKOBA, TOJIl SIK Y OCTaHHIX y 301IbIICHHI JIETeHEBOI

BeHTW AT (JIB) BakyivBe 3Ha4YeHHST Ma€ MOMKJIMBICTH MIJABUINCHHS JUXATBHOTO



00'eMy, HIXK TIOYACTIIIAHHS TuXxaHHsA. Mena BenrnunHa JIB y i TkiB Ipu3BOIUTH
JI0 TOTO, IO MIBUKICTh HAIXOKEHHS KUCHIO B JICTCHI Y HUX BUSABIIAETHCS HUKIOIO
3a 4oNOBIKIB. Jy’k€ BaKJIMBUM TOKa3HHKOM, IO 3YMOBIIIO€ MEHIIY IIBUIKICTbH
HAJIXO/DKCHHS KHCHIO JO aibBeOd Yy MIITKIB € HEBUCOKE BIJIHOIICHHS
aJIbBEOJISIPHOT BEHTWJIAIIT Ta JiereHeBoi. Bee 11e mpu3BOauTh 10 TOTO, 1m0 QYHKIIISA
30BHIIIHBOTO JUXaHHS Yy MIJJIITKIB BUSBISETHCS HEIOCTaTHHO €KOHOMIYHOIO Ta
e(hEeKTUBHOIO.

[Mopsin 13 uuM, KTOK y mnigmiTkiB Takok MeHII e@deKTuBHa. Xoua
MakcumanbHa YCC mano BiApI3HAETHCA Y TPEHOBAHUX IMIJUIITKIB 1 YOJOBIKIB,
MaKCUMalbHUI XBUIUMHHUK 00°’eM KpoBi (XOK) y mnigmitkiB MeHmmid. lle
MOSICHIOETBCS OUIBIII OOMEXKEHOIO 3/IaTHICTIO CepIlsl 30UIbIIYBATH CHUCTOIIYHHMA
00’eM kpoBi (CO) npu M's130B0Oi TiSTTBHOCTI.

MeHIilIa TIBUJKICTH KPOBOTOKY HE 3a0e3rnedye HeOOXi1MHOI IMIBUAKOCTI
TPAHCHOPTY KHCHIO 3 apTeplajibHOI KPOB’I0, MPOTE 30UIbIIEHHS CHOKUBAaHHS
KHUCHIO Y MIJIJIITKIB OOMEXKYETHCS HE TIIbKH HU3BKOIO MIBUAKICTIO JJOCTABKU KUCHIO
70 TIPAITIOIOYMX M sI3iB, aje 1 MEHIIUMH MOKJIMBOCTSIMH HOTO BUKOPHCTAHHS
TKaHMHAMH. Y 3B'S3Ky 3 MEHIIIOI0 YTHITI3all1€10 KUCHIO, Y MIJIITKIB apTepio-BeHO3HA
BIIIMIHHICTh 3a KHCHEM MiJ 4Yac (I3MYHOr0 HABAHTAXEHHS HUXYE, a HE
BUKOPUCTAHUW 3amac KHUCHIO y 3MIIIaHId BEHO3HIW KpPOBI MO BIJHOIIEHHIO [0
CIIO’KMBaHHS KUCHIO BUIIUM, HIJK Y YOJIOBIKIB., TOOTO B HUX 0OMEKeHa MOKITUBICTh
BUKOPUCTAHHS KHCHEBOTO pPE3epBY. 3HIDKCHHS HANPYTHW KHUCHIO B 3MIillIaHIK
BEHO3HIM KPOBI1 Y MJIITKIB CBIIYMIIO PO PO3BUTOK TKAHMHHOI TITOKCIi.

CytteBi BinminHocTi PMK T1a KTOK npu guHamiuHiii M'30Biil AisSIBHOCTI
BUSIBJICH]I HE TUIBKM y HETPEHOBAHMX MIJUIITKIB Ta JAOPOCIUX, ajie 1€ i OUIbIIOI0
MIpOIO Y FOHUX CropTcMeHiB. [IpoBeneHi MOCTIKEHHS MOKa3aiu, 0 BHACTIIOK
3aHITH CIIOPTOM 3HAYHO ITiJIBHIYETHCS MIBUIKICTh TTOCTAIMHOI IOCTAaBKH KUCHIO JI0
TkaHuH. [lopsia 13 301IBIIEHOI0 JOCTaBKOK KHCHIO TKAHWHAM IIBUIKICTH HOTO
TPAHCTIOPTY 3MIIMIAHOK0 BEHO3HOIO KPOB 10 cTae MeHIIO. [1le Oinbiine 3HUKYy€eThCS

CIIBBITHOIIIEHHS MK KUTBKICHUM IOETAaITHUM PYyXOM KHCHIO B OpraHi3Mi 3i



HIBUIKICTIO HOTO CIIOKUBAHHS, 10 HAPSTY 3 MMIJIBUILIEHOIO MOTYKHICTIO KUCEHEBO-
TPAHCTIOPTHOT CHUCTEMHM OpraHi3My CBIJYUTH MPO BHCOKY 11 €(EKTHUBHICTb.
Hapantaxxenns 3 MCK ngopociumu CHOPTCMEHaMH BHUKOHYIOTBCS 3a MEHIIOL
IHTEHCUBHOCTI HAJXO/KEHHsI KHCHIO JO JIETEHb Ta albBEOJ Ta OJIHAKOBOL
IHTEHCUBHOCTI ~ TPaHCHOPTY MOro apTepialbHOI0  KpPOB'IO. [HTEHCHBHICTH
CIOKMBAHHS KHUCHIO Yy JOPOCIMX BHINA 32 PaXyHOK Kpaioi YTWJIi3aiii KHUCHIO
TKaHUHAMU, B PE3YJIbTATI YOTO TPAHCIOPT KUCHIO 3MIIIAHOK BEHO3HOIO KPOB’I0 Y
HUX 3HAYHO HWOKYUH.

Takum 4MHOM, B pe3yibTaTl CHOPTUBHOTO TPEHYBAHHS HE TUIBKHU y 3p1IOMY,
a il y miniTkoBomy Billl edekTuBHICTh Ta ekoHOMIuHICTh KT®K npu MCK 3nauno
NIJBUILY€EThCS. BHAcHAOK 3aHATH CHOPTOM Yy MIUIITKOBOMY Billl 3HA4YHO
30UTBIITY€THCA KOS(IIIEHT BUKOPUCTAHHS KMCHIO TKAHMHAMU 3 apTepiajibHOT KPOBI.
Kpamie BHKOpUCTaHHS KHCHIO TPHU3BOAUTH JO TOTO, IO TeMOJAMHAMIYHUIMA
€KBIBAJICHT CTA€ HUKYHMM: Y HETPEHOBAHUX IMIJJTITKIB KOYKEH JIITP KUCHIO BUITYy4YaBCA
TKaHUHaMu 3 9,2 JITPIB HIMPKYJIIOHOUYOi KPOBI, y YOJIOBIKIB - 3 8,8, y IOHUX
BEJIOCUTIETUCTIB — 3 8,0, a y TOpPOCIUX CHOPTCMEHIB - nutie 6,8 mitpis. [lopsiy 3 num
y HETPEHOBAHUX SIK MIJIITKIB, TaK 1 JOpOCINX MakcuMaibHi Bennunau X OK Hikui,
HIXK Y FOHUX 1 JOPOCJIHUX CIIOPTCMEHIB, 1110 TTOSICHIOETHCS MEHIITUMU MOKJIMBOCTSIMH
soutbmmienHss CO. VY gopociaux CHOPTCMEHIB KHUCHEBUH €(EeKT CcepleBoro
CKOPOYEHHSI 3HAYHO OIIBIINI, HIK y TPEHOBAHMUX IMIJUIITKIB Ta HETPECHOBAHHX
YOJIOBIKIB.

Benuka exkonomiunicTh Ta ehekTuBHICT KTOK criopTcMeHiB 3HaX0a5Th cO01
NOSICHEHHS y PO3BUTKY MEXaHI3MiB, sIKi 3a0€3MeuyloTh IMOBHINIY YTHII3aLlI€l0
KHCHIO TKaHWHamH. He3Baxarounm Ha Te, IO CHOPTCMEHU MpH (Hi3UIHOMY
HABAHTAKECHHI 3a3HAIOTh BEJIMKOI apTepiaJibHOI TIMOKCEeMIii, PIBEeHb HANPYXEHHS
KHCHIO B apTeplajibHIi KpPOBI y HUX OUIBIIMKI HI’)K Yy HETPEHOBAHUX.

bisibiil HU3bKI BEIMYMHU BMICTY KUCHIO Y 3MiIlIaH1i BEHO3H1M KPOBI CB1IYaTh
po Te, M0 apTepio-BEHO3HA BIIMIHHICTH 32 KUCHEM Y CIOPTCMEHIB y TPOIECi

M'SI30BO1 JA1STTBHOCTI 301TBIITY€ETHCSI O1IBIIIE.



Y Toli camuil yac IIBHUJKICTh CIOXWBAaHHS KHCHIO IIJIBUIIYETHCS 1 B
HETPEHOBAHUX 1 Y CHOPTCMEHIB MEPEBAXKHO 332 PaxXyHOK 30UIBIICHHS HIBUAKOCTI
TPAHCTIOPTY KHCHIO apTepiaibHOIO KpOB't0. bBinmbIl BHCOKI apTepio-BeHO3HA
BIIMIHHICTh 32 KMUCHEM 1 KOe(IIll€eHT HOro BUKOPUCTAHHS TKaHWHAMH MPU3BOJIATH
0 TOro, IO IIBHAKICTH TPAHCIOPTY KHUCHIO 3MIIIAHOK BEHO3HOI0 KpOB'IO,
He3Bakatoun Ha migBuiieHuid XOK, y cnopTcMeHiB 1 OCOOJIMBO Yy JOPOCIUX
BUSIBJISIETHCSL HA HIKYOMY PIBHI. 3a3Ha4eHUU (DaKT BUIAETHCS TyKE BAXKIMBUM 1
BKa3zye Ha Te, M0 Y HETPEHOBAHMX MIUIITKIB Ta y YOJOBIKIB y MOPIBHSAHHI 31
CHOPTCMEHAMM IUBUJKICTh CIIOKMBAHHA KHCHIO OOMEXYEThCS HE TUIBKH
HEMO>KJIUBICTIO 30UTbIIYBAaTH IIBUAKICTh JOCTAaBKH KUCHIO IO TKAHUH, aje TaKOX
MEHIIOK0 3JaTHICTIO HOro BHUKOPUCTAHHA. JSIKIIO NOPIBHATH HAaBITh IOHUX
BEJIOCUIIEANCTIB 13 JOPOCIUMHU CHOPTCMEHAMM, TO BUSBIISETHCS, 110 MiIBUIICHHSA
Koe(ilieHTa yTUIi3alii KUCHIO CIPUUIO O 30UTbIIEHHIO Horo crnoxuBanHg Ha 400-
450 mu/xB, a MBUAKICTh TPAHCIIOPTY KMCHIO 3MIIIAHOIO BEHO3HOIO KPOB’10 Oyna 6
TaKol0, SIK y JOPOCIUX CIOPTCMEHIB. be3nocepeHbo miciis NpUIMUHEHHST POOOTH
BMICT KHCHIO B apTepiayibHiil KpOBi 1, 0COOJIMBO, 3MIIIaHIi BEHO3HIN M1JBULLY€ETHCA
JOCUThH WIBUAKO, PU I[bOMY HIBUAKICTH TPAHCIIOPTY KUCHIO apTepialbHOIO KPOB'IO
BiJIpa3y 3HUIKYETHCS, 0 OUIBIIOD MIPOIO MPOSIBISETHCS Y CIIOPTCMEHIB.

JlocnikeHHsT Ta TIOPIBHSHHS, SKI MU TPOBEIW y JaHii poOOTi, a TaKOXK
OPAaKTUYHE 3aCTOCYBaHHS KOMIUIEKCHOTO METOAY TMpU OOCTEKEHHI IOHUX
BEJIOCUIICANCTIB TI0 BEJOCTIOPTY TMOKa3aldl MOro BUCOKY MPUIATHICTh Ta BEIHUKI
nepeBary mnepes] 3aralbHONPUHHATAM (D1310JIOTIYHIUM KPUTEPIEM OIIHKH aepOOHOI
MPOJYKTUBHOCTI TIIbKM 3a okazHukoM MCK.

[IpoBeneni HamMu MOCHIDKCHHSI TMOKa3aji, IO JIA0OpAaTOPHI KOMIUIEKCHI
npsMi BU3HAYEeHHS piBHA (Gi3M4HOi mpare3gatHocti, a Takox MCK e Oinbim
1H(HOPMATUBHUMU, HI’K PO3PaXyHKOBI, SIK JJIs MIJIITKIB PI3HOTO CTYMEHS (i3UYHOT
TPEHOBAHOCT1 TaK 1 JOPOCIHX.

TakoX KOMIUJIGKCHUIM aHANITUYHUNA MIAX1A i BHU3HAUEHHS PEKUMIB

MacONEPEHOCY KUCHIO MpU (PI3UYHUX HABAHTAKEHHSIX PI13HOI MOTY>KHOCTI MOKA3aB,



10 BiH JIO3BOJISIE JOCUThH PETEIBHO 3pOOUTH OLIHKY (PYHKIIIOHAJIBHOTO CTaHy Ta
cTyneHs: (i3MYHOI TPEHOBAHOCTI Ta MOXKe OyTH YCIHIIIHO 3aCTOCOBAHUM IS
KOHTPOJIIO 32 CTAHOM OpraHi3My.

Ham Bpanocs nocmiautu BiuB 3MiH KEK, 1o BHU3HA4aeTbcss BMICTOM
reMoryIo0iHy B KPOBi, Ha MOCTAa4aHHS KUCHIO J0 MPAIioounX TKaHuH. OTpruMaHi B
poleci MPOBEAEHOTO JOCIIXKEHHS aH1 MIATBEPIKYIOTh PE3yJIbTaTH TEOPETUUHUX
MOJIOKEHB MPO POJIb KUCHEBOI EMHOCTI KPOB1 y PETYIIALIT MPOIECy MacoNepeHoCy
Ta yTHII3alli KACHIO NPU M'A30BIM JismbHOCTI. ToOTO, B pe3ynbTaTi 3HHKEHHS
KOHIIEHTpaIlli reMorjJo0iHy TMpu BHUKOHAHHI (I3UYHUX HABaHTaXEHb HAaBIThH
HEBHMCOKOI IHTEHCUBHOCTI 3pOCTA€, MOPIBHAHO 3 THM, III0 CIOCTEPITAETHCS 3a3BUYAM
y 3I0pOBHX 0Ci0, KUCHEBUW 3alUT OpPraHi3My, 30UIbIIYETHCS KHCHEBA BapTICTh
po0OOTH, OUTBIIUM BUSIBIISIETHCSI KUCHEBUI OOPT.

3a pesynpTaTamMu poOOTH OTPUMAHO AaKT BIPOBAKEHHS OCHOBHHUX
MOJIOKEHB, 1[0 BUTIKAIOTH 3 TUCEPTAI[IHHOTO JOCIIKEHHS, B HABYAJILHUHN MPOIIEC
npodinbHOi kKapeapu HYDBC Ykpainu.

Tako, OTpUMaHi JaHi MOXYTh MOXYTh OYTH BUKOPUCTAHUMH CIIOPTUBHUMU
di3iomoramMm Ta JiKapAMH, 31MCHIOBATH KOHTPOJH 3a (DYHKIIIOHATEHUM CTaHOM
CIOPTCMEHIB, BHU3HAYaTH (DYHKIIOHAJIbHI PE3EPBU OpPraHi3mMy, MPOTHO3YBaTU
NUISAXH 1X peasizaiii.

Kiaw4yoBi cjioBa: KHCHeBa HEAOCTATHICTh, (I3WYHA Mpale3JaTHICTh,
MaKCHMaJIbHE CIIOKMBAHHS KHUCHIO, M'sI30Ba MIsUTBHICTh, KUCHEBA €MKICTh KpOBI,
MacOTNIEPEHOCY KUCHIO Ta HOTO CIIO’KUBAHHS, KICHEBO-TPAHCIIOPTHA (DYHKIIIS KPOBI,

TIIOKCIS HABAHTAXKECHHS.



SUMMARY
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The analysis and generalization of modern scientific and methodical literature
indicate insufficient understanding of the complex process of oxygen promotion in
the body and its supply to working muscles, the level of compliance of this supply
with the oxygen demand. Unfortunately, such information mainly concerns adults.

It is assumed that the lack of oxygen arising during physical exertion of
teenagers, in connection with the pubertal restructuring of the neuro-humoral
mechanisms, may have its own characteristics.

Therefore, we believe that understanding the mechanisms of its development
and compensation of teenegers can expand knowledge not only for the theory of
hypoxic states and the physiology of motor activity, but also can be used in the
practice of training athletes.

The aim of the study. To investigate the features of the modes of oxygen
transport, physiological mechanisms of development and compensation of hypoxia

load in adolescents depending on their age development and state of physical fitness.

The research methodology is based on a comprehensive approach, including

research on the function of external respiration, hemodynamics, phased mass
transfer of O2 and CO2, a physiological method of determining physical capacity,

and an analysis of the possibilities of tissue mechanisms of oxygen consumption at
different levels of hypoxia load.

Scientific novelty of the obtained results. Based on the results of the study
using informative evaluation criteria, new scientific data were obtained regarding
the nature and differences in the development and compensation of hypoxia of the

load of untrained teenegers from adults, as well as from young athletes. Also, new



data were obtained regarding the peculiarities of the development of exercise
hypoxia in teenage girls with impaired blood oxygen capacity during exercise.

In the course of the research, new data were obtained, in particular:

for the first time in the experiment, it was shown that performance of loads of
the same power by teenagers and adults takes place with unequal mode of oxygen
mass transfer (MOMT): for teenagers, the activity of the cardio-respiratory system
(CRS) is less effective, the oxygen cost of work is higher, the efficiency ratio is
lower;

it was shown for the first time that for teenegers compare to adults the power
of functioning of the system of gradual movement of oxygen in the body during
physical exertion is limited by the impossibility of adequate stress on the
cardiorespiratory system. At the same time, the level of hypoxia of the load does not
reach such values as for adults;

it was shown for the first time that in the process of age development and as a
result of sports training, the capacity of the oxygen delivery system increases, the
efficiency of hemodynamics increases in the provision of tissues with oxygen, and
the mechanisms that cause its complete utilization from the blood develop;

it was shown for the first time that as a result of a decrease in the oxygen
capacity of the blood during physical exertion, even of low intensity, the oxygen
demand of the body increases significantly, the oxygen cost of work increases, the
oxygen debt becomes greater, and hypoxia of the load develops to a greater degree.

The results of the study confirm the data available in the scientific literature

regarding the differences in the Circulatory and Respiratory Systems, which
distinguish teenagers from adults and can influence the MOMT of the body during
muscle activity.

Subjects: teenegers 13-14 years old who do not play sports, untrained adult
men 21-28 years old, and 16 young cyclists. In order to compare the age-related
changes in the CRS and MOMT, an analysis of the results obtained in our studies

with data similarly given in the literature for adult cyclists was carried out. An



examination of 14 healthy girls and 12 suffering from juvenile disorders of menstrual
function was also carried out.

We have shown that the improvement of the body's oxygen supply system is
uneven. Breathing, blood circulation and tissue oxygen utilization mechanisms
develop differently with age and during training. Our correlational analysis revealed
that during teenage age, despite sports training, breathing is not yet so effective in
terms of supplying the body with oxygen, while the efficiency of the oxygen
transport function of the blood (OTFB) is still preserved. Performance increases with
age, which we observed for untrained men. The most effective ratios are observed
for adult athletes, for whom both external breathing, blood circulation, and OTFB
and tissue oxygen utilization mechanisms equally contribute to increasing the rate
of oxygen consumption.

The specified changes in the respiratory system, blood circulation, OTFB lead
to the fact that the characteristics of the MOMT with age and during training
significantly change and improve. As our studies have shown, the MOMT of
untrained teenagers during dynamic muscle activity with maximum and submaximal
intensity differ from the MOMT of men by a lower overall level of cascades of the
speed of stepwise advancement of oxygen in the body.

At maximum loads, the degree of depth and frequency of breathing of
teenagers and men is the same, while in the latter, in increasing lung ventilation
(LV), the ability to increase the respiratory volume is more important than increasing
the frequency of breathing. The smaller value of LV of teenagers leads to the fact
that the rate of oxygen entering the lungs is lower than is for men. A low ratio of
alveolar ventilation and lung ventilation is a very important indicator that causes a
lower rate of oxygen delivery to the alveoli of teenagers. All this leads to the fact
that the function of external breathing for teenagers is insufficiently economical and
efficient.

Along with this, OTFB is also less effective for teenegers. Although

maximum heart rate is little different between trained teenegers and men, maximal
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minute blood volume (MBV) is lower for teenegers. This is explained by the more
limited ability of the heart to increase the systolic blood volume (SBV) during
muscle activity.

The lower velocity of blood flow does not provide the necessary speed of
oxygen transport with arterial blood, however, the increase in oxygen consumption
for teenegers is limited not only by the low speed of oxygen delivery to the working
muscles, but also by lower possibilities of its use by tissues. Due to lower utilization
of oxygen, the arterio-venous difference in oxygen during exercise is lower for
teenegers, and the used oxygen supply in the mixed venous blood in relation to
oxygen consumption is higher than for men, i.e. they have a limited ability to use
oxygen reserve. A decrease in oxygen tension in mixed venous blood for teenegers
indicated the development of tissue hypoxia.

Significant differences for the MOMT and OTFB during dynamic muscle
activity were found not only for untrained teenagers and adults, but also to a greater
extent in young athletes. Conducted studies have shown that as a result of sports, the
rate of gradual delivery of oxygen to tissues significantly increases. Along with the
increased delivery of oxygen to the tissues, the rate of its transport by mixed venous
blood becomes lower. The ratio between the quantitative step-by-step movement of
oxygen in the body and the rate of its consumption decreases even more, which,
along with the increased power of the body's oxygen transport system, indicates its
high efficiency. Loads with VO, max by adult athletes are performed with a lower
intensity of oxygen supply to the lungs and alveoli and the same intensity of its
transport by arterial blood. The intensity of oxygen consumption for adults is higher
due to better utilization of oxygen by tissues, as a result of which oxygen transport
by mixed venous blood is significantly lower in them.

Thus, as a result of sports training, not only in adulthood, but also in teenage
age, the effectiveness and cost-effectiveness of OTFB at VO, max significantly
increases. As a result of playing sports in teenage age, the rate of oxygen utilization

by tissues from arterial blood increases significantly. The better use of oxygen leads
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to the fact that the hemodynamic equivalent becomes lower: for untrained teenagers,
each liter of oxygen was removed by tissues from 9.2 liters of circulating blood, for
men - from 8.8, for young cyclists - from 8.0, and for adult athletes - only 6.8 liters.
Along with this for untrained teenagers and adults the maximum values of MBV are
lower than for young and adult athletes, which is explained by the smaller
possibilities of increasing SBV. For adult athletes the oxygen effect of heart
contraction is significantly greater than for trained teenagers and untrained men.

The high cost-effectiveness and efficiency of sportsmen's OTFB are explained
in the development of mechanisms that ensure a more complete utilization of oxygen
by tissues. Despite the fact that during physical exertion, athletes experience severe
arterial hypoxemia, the level of oxygen tension in their arterial blood is higher than
that of untrained athletes.

Lower levels of oxygen content in mixed venous blood indicate that the
arterio-venous difference in oxygen for athletes increases more in the process of
muscle activity.

At the same time, the rate of oxygen consumption increases for untrained
people and for athletes mainly due to an increase in the rate of oxygen transport by
arterial blood. Higher arterio-venous difference in oxygen and the coefficient of its
use by tissues lead to the fact that the speed of oxygen transport by mixed venous
blood, despite the increased MBV for athletes and especially for adults is at a lower
level. This fact appears to be very important and indicates that for untrained
teenagers and men, compared to athletes, the rate of oxygen consumption is limited
not only by the inability to increase the rate of oxygen delivery to tissues, but also
by a lower ability to use it. If we compare even young cyclists with adult athletes, it
turns out that an increase in the utilization rate of oxygen would contribute to an
increase in its consumption by 400-450 ml/min, and the speed of oxygen transport
by mixed venous blood would be the same as for adult athletes. Immediately after

the cessation of work, the oxygen content in arterial blood and, especially, in mixed
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venous blood increases quite quickly, while the speed of oxygen transport in arterial
blood immediately decreases, which is more pronounced in athletes.

The research and comparison that we conducted in this summary, as well as
the practical application of the complex method during the examination of young
cyclists in cycling, showed its high suitability and great advantages over the
generally accepted physiological criterion for assessing aerobic performance based
only on the VO, max indicator.

Our studies have shown that laboratory direct determinations of the level of
physical fitness, as well as VO, max, are more informative than calculated ones,
both for teenagers of various levels of physical fitness and for adults.

Also, a complex analytical approach to determine oxygen mass transfer modes
during physical exertion of different power has shown that it allows for a fairly
thorough assessment of the functional state and degree of physical training and can
be successfully applied to monitor the body's condition and level of training.

We were able to investigate the effect of changes in oxygen carrying capacity
blood, which is determined by the hemoglobin content in the blood, on the supply
of oxygen to working tissues. The data obtained in the course of the conducted
research confirm the results of theoretical statements about the role of the oxygen
capacity of the blood in the regulation of the process of mass transfer and utilization
of oxygen during muscle activity. That is, as a result of a decrease in the
concentration of hemoglobin during exercise, even of low intensity, the body's
oxygen demand increases, compared to what is usually observed in healthy
individuals, the oxygen cost of work increases, and the oxygen debt turns out to be
greater.

According to the results of the work, an act of implementation of the main
provisions arising from the dissertation research into the educational process of the
specialized department of the National Academy of Sciences of Ukraine was

obtained.
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Also, the obtained data can be used by sports physiologists and doctors to
monitor the functional state of athletes, determine the functional reserves of the
body, and predict ways of their implementation.

Key words: oxygen deficiency, physical capacity, maximum oxygen
consumption, muscle activity, blood oxygen capacity, oxygen mass transfer and its

consumption, blood oxygen transport function, hypoxia of the load.
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